Abstract: Laparoscopic gastrectomy with D2 lymph node (LN) dissection has not yet been widely adopted for advanced gastric cancer because it is technically complicated. Due to the high suprapancreatic lymph nodes metastasis rate (LMR) and the various vascular anatomies, the suprapancreatic LN dissection is a crucial and demanding procedure for radical resection of gastric cancer.
INTRODUCTION
L aparoscopic surgery is widely used in early gastric cancer because of several advantages such as reduced blood loss, reduced postoperative pain and rapid recovery [1] [2] [3] and has been increasingly used in advanced gastric cancer over the last few years. 4 However, laparoscopic suprapancreatic lymph node (LN) dissection along the distribution of the suprapancreatic arteries in radical gastrectomy is technically difficult because of the limited two-dimensional visualization, no sensation of touch, the complicated anatomy of the suprapancreatic vessels and the high lymph node metastasis rate (LMR) in the suprapancreatic area. [5] [6] [7] [8] To overcome these difficulties, several approaches have been proposed for laparoscopic suprapancreatic LN dissection in early gastric cancer, [9] [10] [11] but because of the high suprapancreatic LMR and difficult exposure in advanced gastric cancer, to date, there has not been a vascular-anatomicalbased study on the ideal approach for laparoscopic suprapancreatic LN dissection in advanced gastric cancer. Regarding advanced gastric cancer, the proximal splenic artery (SA) approach was adopted in our center for laparoscopic suprapancreatic LN dissection, in which the No. 11p LNs are dissected first, followed by the Nos. 9, 7, and 8a LNs; dissection of the Nos. 5 and 12a LNs is performed last. The study was aimed at retrospectively analyzing the features of the suprapancreatic arteries and LN metastases and the surgical outcomes in advanced gastric cancer to explore the anatomical basis for the proximal SA approach for laparoscopic suprapancreatic LN dissection and its application in advanced gastric cancer.
METHODS

Patients
A total of 1551 consecutive patients diagnosed with advanced gastric cancer underwent laparoscopic surgery between June 2007 and November 2013 at the Department of Gastric Surgery, Fujian Medical University Union Hospital, Fuzhou, China. The clinicopathological characteristics, surgical outcomes, and information on perigastric vascular anatomy were prospectively collected and retrospectively analyzed according to the surgical video and gastric cancer databases. When our center started the practice of laparoscopic radical resection for gastric cancer since 2007, we adopted conventional approach for suprapancreatic LN dissection. With more operation experiences and better understanding of the suprapancreatic vascular anatomies, we gradually proposed the proximal SA approach, which is routinely used in all of the patients who underwent suprapancreatic LN dissection since January 2012. To exclude the influence of the learning curve on the surgical outcomes, 994 consecutive patients with advanced gastric cancer who underwent laparoscopic suprapancreatic LN dissection after January 2011 were selected and divided into the conventional approach group (n ¼ 330) and the proximal SA approach group (n ¼ 664); the clinicopathological characteristics and surgical outcomes were compared between the groups. The LN grouping was according to the Japanese Classification of Gastric Carcinoma: 3rd English edition, 12 and the tumor staging was determined according to the 7th edition of the Union for International Cancer Control (UICC) tumor, node, and metastasis (TNM) staging system. 13 All patients and their families were informed of the study, and written informed consent was obtained for the publication of this report and any accompanying images. This study was approved by the Institutional Review Board, Fujian Medical University Union Hospital.
Surgical Techniques
Conventional Approach
The conventional approach for laparoscopic suprapancreatic LN dissection was similar to that reported in the literature. 14 After the duodenum was transected, the bifurcations of the common hepatic artery (CHA), gastroduodenal artery (GDA), and the proper hepatic artery (PHA) were exposed. And then, the Nos. 5 and 12a LNs were dissected first. Second, the CHA and the proximal SA were skeletonized in sequence to dissect the Nos. 5 and 12a LNs. The dissection of the Nos. 7 and 9 LNs was performed last, until then, the suprapancreatic LN dissection was finished.
The Proximal SA Approach
In the proximal SA approach, the proximal SA is first exposed to dissect the No. 11p LNs, and the suprapancreatic LNs are dissected from the left to the right side ( Figure 1 ). The advantages are as follows: the proximal SA is associated with the most constant and maximum diameter and is located closer to the suprapancreatic border so that it is easy to expose; after exposure of the proximal SA, locating the celiac axis (CA), the left gastric artery (LGA) and the CHA is convenient for the surgeon; and in the suprapancreatic LNs, the No. 11p LMR is the lowest so that it is easy to dissect the LNs in this area and simultaneously create favorable conditions for the complete dissection of the suprapancreatic LNs. The patient is usually placed in the supine position with the legs separated, and the surgical table is declined approximately 108-208 in reverse Trendelenburg. The surgeon and the assistant stand on the patient's left and right sides, respectively, and the camera operator stands between the patient's legs. The 5-port method is generally used. 15 The proximal SA approach for laparoscopic suprapancreatic LN dissection has the following features: no duodenal transection; retraction of the liver by the gastrohepatic ligament; and exposure and division of the vessels from the posterior aspect of the stomach. The No. 11p LNs are dissected first; then, the assistant places the free omentum on the left upper side of the abdomen between the inferior border of the liver and the anterior gastric wall and turns the greater curvature of the gastric body over to the cephalic side using a right-handed grasper. The surgeon gently presses down on the body of the pancreas with a gauze pad on the uppermost point of its surface to create tension on the gastropancreatic fold; in this way, the suprapancreatic area is extended to facilitate the LN dissection. Using an ultrasonic scalpel, the pancreatic capsule is meticulously peeled along the pancreatic surface up to the superior border, and the gastropancreatic fold is opened to allow entry into the retropancreatic space. Next, the assistant's right hand pulls the free pancreatic capsule up from the left side of the gastropancreatic fold, whereas the surgeon continues to peel it to separate and expose the proximal SA. Subsequently, the surgeon uses the ultrasonic scalpel to meticulously dissect the lymphatic tissue along the SA until the origin of the posterior gastric artery is reached to complete the dissection of the No. 11p LNs. Next, the Nos. 9, 7, 8a LNs, 5, and 12a LNs are dissected in sequence from the root of the SA. 16 
Suprapancreatic Arteries
The arteries associated with suprapancreatic LN dissection are primarily the proximal SA, CHA, LGA, right gastric artery (RGA), and GDA. The abnormal proximal SA, CHA, LGA, RGA, and GDA are regarded as variant arteries including origin, course, and branch variations. All patients preoperatively underwent 64-slice spiral CT examinations (Discovery CT750HD). In addition, 2 radiologists and 2 surgeons evaluated the anatomical variations of the perigastric vessels according to the preoperative CT and operative videos, and the three-dimensional reconstructions were made using the original scanning images.
Measurement of the Distance and Diameter
The distances from the arterial center to the suprapancreatic border was calculated by multiplying the number of slices and film pitches (0.6 mm) using MDCT consecutive thin-slice images. The suprapancreatic border was regarded as the baseline, and when the artery was above it, the distance was designated with a plus sign, but when the artery was below the border, the distance was designated with a minus sign.
The arterial diameters were measured in the arterial midpoints based on the 3D-CT images using the work station.
Statistical Analyses
All statistical analyses were performed using the SPSS 19.0 statistical software. The measurement data are presented as the mean AE SD. Unpaired Student's t test and chi-square tests were used to compare the continuous variables and categorical variables. P < 0.05 was assumed to indicate a statistically significant difference.
RESULTS
Suprapancreatic Arterial Anatomies
The anatomical information from the suprapancreatic arteries is shown in Table 1 and Figure 2 .
(1) The proximal SA: the total variation rate of the proximal SA was 7.0% (108/1551), with 99 cases (6.4%) of variant origins. The course of the proximal SA is relatively constant because retropancreatic and intrapancreatic courses occurred in only 9 cases. (2) The CHA: the total variation rate of the CHA was 10 Compared with the CHA, LGA, RGA, and GDA, the anatomic variation rate of the proximal SA was the lowest (7.0% vs. 10.5%, 16.6%, 19.1%, and 9.7%, P < 0.05, each).
Comparisons of the Diameter of Suprapancreatic Arteries
The diameter of the proximal SA was larger than the CHA, LGA, RGA, and GDA (5.5 AE 1.0 vs. 4.5 AE 0.9, 3.3 AE 0.6, 3.1 AE 0.5, 2.1 AE 0.4 mm, P < 0.05, each).
Comparisons of the Distances from Arteries to the Suprapancreatic Border
The proximal SA and CHA were both above the suprapancreatic border, but the distance of the proximal SA to the suprapancreatic border was significantly shorter than the CHA (þ0.39 AE 1.50 vs. þ9.91 AE 5.81 mm, P ¼ 0.000).
Metastasis of Suprapancreatic LNs
As displayed in Table 2 , the total LMR was 78.7% (1220/ 1551), and the suprapancreatic LMR (Nos. 11p, 9, 7, 8a, 5, and 12a) was 51.8% (804/1551); the No. 11p LMR was lower than the Nos. 9, 7, 8a, 5, and 12a LMR (7.0% vs. 23.2%, 35.4%, 18.7%, 16.1%, and 14.3%, P < 0.05, each). Figure 3 shows the swollen LNs in the suprapancreatic area.
The Clinicopathological Characteristics and Surgical Outcomes Table 3 indicates that the patients' clinicopathological characteristics had no statistically significant difference between the conventional approach group and the proximal SA approach group (P > 0.05, each), except for tumor location. Laparoscopic gastrectomy with D2 lymphadenectomies were successfully performed in all patients of the two groups, and a higher proportion of patients in the proximal SA approach group underwent total gastrectomies and Roux-en-Y reconstructions because the tumors were located in the upper stomach (P < 0.05, each). The operation time and intraoperative blood transfusion rate were similar between the groups (P > 0.05, each). Compared with the conventional approach, however, the proximal SA approach was associated with less blood loss (69.3 AE 95.0 vs. 86.2 AE 147.1 ml, P < 0.05), significantly more retrieved total LNs (38.7 AE 14.1 vs. 31.2 AE 11.7, P ¼ 0.000) and suprapancreatic LNs (13.0 AE 6.2 vs. 11.7 AE 6.2, P ¼ 0.002). The patients' postoperative morbidity and mortality (P > 0.05, each) as well as the postoperative pancreatic leakage rate (P > 0.05, each) did not show any statistical significance.
DISCUSSION
Because of the improvement in the instruments and surgical techniques, laparoscopic surgery has been becoming increasingly popular in advanced gastric cancer, 17, 18 but laparoscopic suprapancreatic LN dissection is technically demanding, and bleeding is easily caused; 5 therefore, these cases sometimes 21, 22 The LMR in the suprapancreatic area is relatively low in early gastric cancer; [23] [24] [25] hence, laparoscopic surgery is associated with less blood loss and clearer visualization than open surgery. Regarding early gastric cancer, the feasibility of the left-side approach for laparoscopic suprapancreatic LN dissection was reported by Fukunaga et al 9 ; this approach was associated with several advantages such as clear visualization, less bleeding, low morbidity, suitability for obesity, and ease of the technique. 26 The medial approach for laparoscopic suprapancreatic LN dissection was first reported by Kanaya et al, 10 and the conveniences and feasibilities in patients without vascular variation has been reported in the literature. 27 However, the LMR in the suprapancreatic area is quite high in advanced gastric cancer, and swollen LNs often occur during LN dissection. In addition, the surgeon may cut into the LNs incorrectly resulting in vestigial LNs. LNs are fragile, and clamping or lifting the LNs directly can easily cause bleeding and tumor cell dissemination. In addition, lymph leakage easily occurs from ruptured LNs leading to the retention of lymphatic fluid, which negatively affects the surgical field. In addition, the swollen LNs always wrap round the vessels, which increases the difficulty of vascularizing the vessels. Therefore, laparoscopic suprapancreatic LN dissection is more difficult for Through retrospective analyses of the anatomic features in suprapancreatic arteries, we found that not only was the proximal SA closer to the suprapancreatic border and the incidence of the proximal SA variations was the lowest but also the diameter of the proximal SA was the largest, so that the SA is easy to expose. If the proximal SA is treated as the approach, the surgeon can gain entry into the anatomic space anterior to the artery quickly and accurately, and the CA, LGA, and CHA will be revealed step-by-step when dissecting the adipose tissue along the space anterior to the artery toward the right side. After the left side of the suprapancreatic border with the lower vascular variation rate is adequately isolated, the right side of the suprapancreatic border with the higher vascular variation rate will be revealed sufficiently by the assistant's traction by means of the un-transected duodenum, which is useful for successfully accomplishing the suprapancreatic LN dissection and reducing blood loss. However, in the cases in this study, the CHA was away from the suprapancreatic border, and the variation rate was up to 10.5%; if the CHA is regarded as the approach, the space posterior to the CHA may be entered, which increases the risk of the portal vein (PV) injury. In addition, if the CHA is absent or located posterior to the PV, not only is it difficult to locate the suprapancreatic arteries such as the LGA, the proximal SA and the CA along the PV, but it is also easy to enter the incorrect anatomic space and cause vascular damage. In addition, as revealed in the results of our study, the LMR around the proximal SA is the lowest, so that it is likely to reduce LN bleeding and lymphatic fluid leakage when the proximal SA is isolated first, to maintain clear vision, which makes it easier to dissect the LNs in this area and create favorable conditions for the complete dissection of the suprapancreatic LNs. With the proximal SA approach, the No. 11p LNs are dissected first, followed by the Nos. 9, 7, and 8a LNs; dissection of the Nos. 5 and 12a LNs is accomplished last, so that the suprapancreatic LNs were dissected en bloc, which is effective for not only reducing blood loss but also increasing the number of retrieved suprapancreatic LNs. In this study, the surgical outcomes between the conventional approach group and the proximal SA approach group were compared, and the results indicate that the operation time was similar (P > 0.05); however, the proximal SA approach was associated with less blood loss (P < 0.05) and significantly more retrieved total LNs and suprapancreatic LNs (P < 0.01, each). Furthermore, the postoperative short-term outcomes were satisfactory.
In summary, the proximal SA is associated with the most constant and maximum diameter, is located closer to the suprapancreatic border and exhibits the lowest LMR, so that the proximal SA approach is the ideal approach for laparoscopic suprapancreatic LN dissection in advanced gastric cancer. Nevertheless, our study is limited by its single-center nonrandomized retrospective research, and more reliable results should be obtained in multicenter randomized prospective studies.
